Abstract Astrobiology is normally envisaged as the scientific endeavor preoccupied with the search for life beyond Earth. What remains underappreciated, however, is that it is also a hotbed of transversal thinking. It links disciplines that have historically grown up in isolation from each other-such as solar physics, atmospheric science, dermatology, and ophthalmology (eye biology)-in remarkable ways. And even though these links may cast new light on the question of extraterrestrial life, they are an interesting topic of study in their own right. The present study illustrates this ethnographically, by using the angle of ultraviolet. Specifically, I focus on the ultraviolet spectrum to examine how astrobiologists look at celestial bodies, planetary atmospheres, the skin, and the eye. More generally, this article is a reflection on how outer space can be apprehended from a humanities perspective.
happens in the sky is assumed to be of an entirely different nature than what occurs in our skin. You could say there is a certain predisposed-ness to the core subjects of these four scientific fields: the Sun shines, the sky (with regard to ultraviolet) screens, the skin touches, the eye sees. To posit that the Sun sees or that the sky touches tends to be regarded as absurd and to claim that the eye has an intrinsic shine is bound to be dismissed as outdated.
The presumption is that there exists an obvious fundamental difference between such phenomena as a star, a planetary atmosphere, animal skins, and eyes. Yet this compartmentalization is beginning to founder; what remains understudied is that each of these respective things are always "an amalgam of the conceptual and actual," as Stefan Helmreich has formulated it.
1 In a similar vein, others have noted that the traditional divisions between scientific disciplines seem to become much less neat in space research; my investigation here is thus embedded in a wider line of current research in the social sciences and the environmental humanities. In a pioneering article on the anthropology of outer space, Gisli Pálsson already pointed to intriguing similarities between the exploration of the cosmos and that of the genome, that is, "the universe within" our human bodies.
2 Comparing their idioms of voyaging and mapping, he has illustrated that the sciences of astrophysics and molecular biology are much more closely related than conventionally assumed, and he has underlined that this is not just because they use similar languages and metaphors. In a piece in which she outlines the contours of a political ecology of outer space, Valerie Olson has shown how environmental science spills over into astronomy; what is currently happening is the making of an environmental solar system, as she calls it-a heliospheric ecology. this strange argument that contemporary science, at its best, exhibits many parallels with sixteenth-century forms of knowledge such as astrology and alchemy. 5 When I first heard this I have to admit I was skeptical, but now I think there is something to it.
To be clear: my intention here is not to critique the space sciences. I certainly do not mean that astrobiology is a modern form of astrology, but insofar as it emphasizes a whole new range of both literal and symbolical connections between macrocosm and microcosm the comparison is pertinent.
Before I start it is useful to delineate more precisely what I mean by astrobiology and to say a few words about my methodology. As a scientific field astrobiology is very much an interdisciplinary endeavor. Apart from the disciplines I have just mentioned, it comprises astrophysics, geochemistry, microbiology, planetary science, and a number of other natural sciences. It has its own institutions, networks, journals, and regular conferences. It is championed by the world's major space organizations such as NASA and the European Space Agency (ESA). The field is by and large oriented toward the "hard" sciences but historians of science, philosophers, anthropologists, and artists are also involved, albeit to a much more limited degree. For my purposes here I adopt the broader definition, including natural and social scientists as well as representatives from the arts and humanities. I refrain from distinguishing a priori between "professionals" and "amateurs." But I do not include UFO enthusiasts and believers in alien abduction. That is not to say that the latter are unworthy of consideration; 6 given my focus on ultraviolet they simply fall outside the scope of this particular investigation. In short, my method is first and foremost ethnographic and is based on multisited fieldwork. On the whole, access to "the field" was surprisingly easy, and no doubt this has to do with the fact that astrobiology is such an interdisciplinary enterprise: its practitioners are not afraid to speak to researchers in fields that are different from their own and are generally keen to look at issues from unconventional angles. That openmindedness and their willingness to go outside their own comfort zone turned out to my advantage. If you are an astrophysicist who tries to reach out to microbiology or geochemistry, engaging with an anthropologist is not such a big step. The fact that (probably for good reason!), but at least I was perceived by astrobiologists as someone who is concerned with the same basic questions as they are, albeit from a social scientific angle.
Shining
The photographer Bjørn Rørslett, who specializes in ultraviolet imaging, emphasizes that the Sun changes its appearance dramatically when depicted in the ultraviolet spectrum: "Because the UV light field is very diffuse, the sun becomes a hazed area instead of the commonly seen bright sun-star." 7 This distinctiveness of the ultraviolet Sun is also evident on images made by spacecraft such as NASA's Solar Dynamics Observatory.
At specific wavelengths, coronal loops appear, and sometimes you can discern huge prominences extending from the star's surface. Ultraviolet spectrometers and telescopes operating in space give us a more precise impression than photographs taken from the ground, as the terrestrial atmosphere absorbs most ultraviolet emissions (more specifically those in the far range between 100 and 320 nm, technically known as UV-C and UV-B). Rørslett's photographs only depict the Sun in the near-ultraviolet or UV-A range (320 to 400 nm). Planetary scientists sometimes suggest that this shift from the visible to the ultraviolet has considerable potential to shake up conventional ways of looking at the solar system. "We tend to think about the Sun as something very special," one of my interlocutors at an astrobiology conference told me, "but perhaps that is unwarranted." What he meant is that various other celestial bodies in our direct cosmic neighborhood are much more Sun-like than usually recognized-and this becomes more readily discernable from an ultraviolet perspective.
From the lunar surface, astronauts of NASA's Apollo 16 mission obtained imagery from our own Earth in the far-ultraviolet range. They thus obtained the first full view of an extensive hydrogen bubble enveloping our home planet, the so-called geocorona.
More recent observations, such as those carried out by the Galileo spacecraft, have confirmed the huge extent of this hydrogen corona. The geocorona is now estimated to stretch from 1,000 km to 100,000 km above the terrestrial surface (i.e., more than fifteen times the radius of Earth 14 So ultraviolet shining is not a phenomenon that exclusively occurs on the planetary scale-many biological organisms glow too. Moreover we-humans-also shine, for our skin is characterized by a low-level luminescence.
The work of the biophysicist Fritz-Albert Popp is particularly relevant in this respect. 15 Popp is one of the pioneers of biophotonics, a burgeoning research field that investigates the "ultraweak" light emission from living cells. The active tissues of every Used with permission.
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Praet / Astrobiology and the Ultraviolet Worldbiological organism permanently emit a small amount of photons in the spectral range between 260 and 800nm (i.e., including ultraviolet and visible light). To be sure, our eyes are not adapted to discern this "skin-light," and even if they could, it would be overwhelmed by the light of the Sun. What intrigues astrobiologists is that exposure to ultraviolet radiation significantly increases the glow of our skin, just as the UV flux of a solar flare intensifies the terrestrial aurora. Planetary scientists are specifically interested in global "plantshine," which can be considered an indicator for the health of vegetation worldwide. This is the basic idea behind a proposed ESA satellite that will track this botanical shine, which is explicitly compared to the glow of human skin on Astrobiology Web: "Radiant skin is considered a sign of good health in humans, but plants also glow when they are well." Such a satellite would also be useful to identify chlorophyll absorption in the earthshine spectrum. Astrobiologists hope that this can help to calibrate chlorophyll in the spectrum of alien planets and thus to detect extraterrestrial vegetation.
But it is not just our skin that glows: our eyes possess an intrinsic shine too. The existence of idioretinal light, that is, the sensation of light in the absence of external stimuli is well attested. The function of this inherent eyeshine generated by the random firing of nerves is generally assumed to be keeping the retina in a state of readiness so that it can perceive external light when necessary. The acclaimed light artist James Turrell, whose work is very much in tune with certain developments in contemporary astrobiology, can be mentioned here. In installations such as his Dark Pieces the distinction between light "out there" and "in here" is deliberately blurred. As Craig Adcock has put it: "in the darkness that enfolds Turrell's dim projection, viewers can not always distinguish between the random idioretinal noise within their own visual systems and the actual light coming into those systems through the lenses of the eyes." 16 The problem is not fundamentally different from the one confronted by the NASA teams exploring the airglow of moons such as Titan, as discussed earlier. When the Cassini spacecraft observed it during an eclipse, Saturn's shadow revealed an otherwise invisible moonshine, just as Turrell's installation reveals an otherwise unnoticeable eyeshine. And when the Hubble Space Telescope first measured its ultraviolet airglow in the mid1990s, observers struggled to distinguish emissions of terrestrial origin (i.e., the geocorona) from those of the moon itself, just as the Dark Pieces make you wonder whether the light comes from "here" or "there."
Screening
The study of screens occupies a central place in astrobiology. And the terrestrial atmosphere, which protects terrestrial life from different kinds of solar and cosmic radiation, is a key point of interest. 17 The column of ozone occurring in the stratosphere at an 16. Adcock, James Turrell, 108.
17. E.g. Rettberg and Rothschild, "Ultraviolet Radiation in Planetary Atmospheres and Biological Implications," 233.
altitude from 20 to 30 km above the surface is generally seen as one of its most crucial features. This ozone layer absorbs a range of ultraviolet radiation, especially in the most damaging spectral ranges, known as UV-B and UV-C. It is this ozone screen that makes our planet capable of supporting life: "On Mars which has no ozone layer to protect it, solar UV rays strafe the surface with deadly effect, leaving the apparently lifeless planet without the simplest of organic molecules in the upper millimetres of exposed Martian soil."
18 Remarkably, astrobiologists have a penchant for stressing the atmosphere-like qualities of biological life. They would often point out to me that, on land, the plant canopy fulfills a role that is remarkably similar to that of the ozone layer in the sky, as it absorbs not only visible light but also (near-)ultraviolet radiation or UV-A. Of course, the ozone layer is also a product of terrestrial life itself. After all, it is chemically formed from oxygen, the atmospheric "waste" of photosynthetic plants.
As such, it constitutes what astrobiologists call a "biomarker."
Yet to say that our neighbor planet Mars has no ozone layer at all is exaggerated: it does actually have one, but it is partial and very weak. A small amount of ozone is produced during the winter in its polar regions. It is thought to be generated by the interac- That is, some of its principal components have a preferential handedness. Amino acids are always "left-handed," and sugars are always "right-handed"; their respective mirrormolecules, while theoretically possible, are not found in any living organism. What fascinates Silverman is that the sky also has a preferential handedness. He points out that skylight is highly polarized, especially at twilight (when the relative amount of ultraviolet radiation is highest). Humans normally cannot discern this polarization pattern but animals with UV vision can. Bees, birds, and river fishes such as trout and salmon are believed to use it for navigational purposes, as a kind of celestial compass. So the ultraviolet sky is signposted: left-handed polarized light predominates in the morning, righthanded in the afternoon. The sky is chiral, just as the mammals we are and terrestrial life more generally.
And Silverman is convinced that this link between biological and atmospheric homochirality provides a great opportunity for astrobiology: "If alien life bears any similarities at all to life on Earth, it will be, I believe, in the chiral asymmetry of their molecular in particular, have a lot in common with the terrestrial atmosphere. The melanin in our skin and the chlorophyll of the plant canopy are pigments with a different molecular composition, to be sure, but in terms of their capacity to screen ultraviolet radiation their similarity is arguably more salient than their difference. As UV absorbers, the pigments of our skin ( just like those of the canopy) are akin to the ozone layer-they never produce light, but only take it away. Whereas the atmosphere serves as a protective barrier for Earth, the skin does the same for our body. In the words of Nina Jablonski: "The skin of humans, like that of all tetrapods, acts as a sun shield to protect the body from most solar UV radiation." 23 And what goes for the human skin also goes for the other part of our body that is directly exposed to ultraviolet radiation, namely, the human eye. The lenses of our eyes act as an ozone layer of sorts: they absorb ultraviolet radiation, but do not transmit it.
Touching
What is a skin? And what does it mean to touch? These questions have been closely entwined with the search for extraterrestrial life ever since the incipience of astrobiology. One of its great pioneers, James Lovelock, famously envisaged Earth as a living organism with a skin (i.e., the terrestrial atmosphere). In his much debated Gaia theory, he provocatively suggested that clouds must be viewed as the hair or the fur of our planet. In contemporary writings, the notion of planetary skins is still very much pres- Crucially-many of my interlocutors insisted-the micro level is not separate from the macro level. We, biological organisms, are touched by the Sun too. And we, humans, are directly affected by the ambient levels of ultraviolet radiation. Even though UV radiation is invisible, it is not true that humans are completely unable to perceive it. By means of our skin, we are capable of feeling ultraviolet: tanning and suffering from sunburn are among the most obvious manifestations. The human skin, the biologist Lars Olof Björn notes, is "the largest organ of the body and one which is most exposed to external insults [including] UV radiation from the Sun." 27 Characterizations such as this one point to a parallel with the macro level: just as the atmosphere shields our planet, the skin protects our body. Both Earth and humans are fortresses of sorts; the frequent usage of this precise image is something that astrobiology, atmospheric science, and dermatology have in common. And it is not difficult to draw further parallels. When a biophysicist explained to an audience of astrobiologists that the ultra-weak emission of biophotons increases after sunbathing, he used the following comparison: "Our skin glows more intensely after intense ultraviolet exposure, just as the terrestrial aurorae become more vigorous during a solar storm."
Yet ultraviolet radiation has many "positive" effects as well. A phrase I often heard is that life on Earth is addicted to sunlight. Just as do plant leaves, our skin harvests light. Just as does their chlorophyll, our melanin absorbs ultraviolet radiation. In fact, UV absorption drives the production of vitamin D in our bodies-in that sense we are all heliophages or "eaters of the Sun," as one of the participants in an astrobiology workshop put it to me. And we are also "eaters of the sky," she added, because a significant portion of our daily ultraviolet intake comes indirectly from the sky rather than directly from the Sun. The idea that solar radiation can be understood as a form of nutrition is also frequently alluded to by the light artist James Turrell, whom I mentioned earlier.
The sky, for him, is something you are in direct contact with, something you touch:
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of our bones and the calcification of our skeleton do indeed depend on the synthesis of vitamin D in our skin. The correspondence that is crucial here is the one between skin and sky. I have already expanded on planetary skins and on the equivalence between atmospheres and the organ that envelops our body.
Turrell has complemented this widely shared astrobiological intuition by showing that the same kind of correspondence also can be perceived from inside the mass of air that surrounds us. The sky, beheld by an attentive eye, is not less skin-like than the alien atmospheres beheld by some telescope. Roden Crater, the extinct volcano he has patiently been transforming into an extraordinary sky-observatory in the past few decades, can be seen as a poetic statement of that precise point. Craig Adcock, his biogra- "What I hate is the horrifically terrible, yet disturbingly ubiquitous term 'false color.'"
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He explains: "Why do I hate this term so much? I mean, after all, images that don't show things the way our eyes see them aren't true, are they? Bull*%$t!" To illustrate his point Hurt refers to a rather wonderful image of Neptune, showing that planet through a red, a green, and an infrared filter. The colors we see on this image, he emphasizes, are very real ones, just not exactly those our eyes perceive. And there is nothing false about that at all, he insists. To debunk the idea of misrepresentation, he uses a linguistic comparison: "When we take a piece of prose that we cannot read and present it in our own language would we call that a false text? Of course not. We would call it a translation." In the same way, the colors in astronomical images produced by Spitzer are not "phony" (as one hapless reviewer described them, to Hurt's considerable irritation) but translations for our eyes, remapping infrared and ultraviolet into the blue, green, and Consequently, an image such as this one is not a false color image ( fig. 3 ). Yet saying that humans are entirely incapable of perceiving ultraviolet is too simplistic. First of all, there is the perplexing fact that we all are perfectly equipped to see into the near-UV, at least in principle. The photoreceptive molecules in our eyes (rhodopsin) can detect radiation beyond the violet without any problem. It is just that these rays are blocked by the lenses of our eyes.
Actually, there are a few documented cases of human UV vision. The medical condition known as aphakia causes greatly increased sensitivity to ultraviolet, usually among people of a certain age whose lenses have been removed in cataract surgery.
William Stark, who is aphakic himself, describes ultraviolet stimuli as desaturated blue/violet, "though somewhat whitish. and stars a priori. In other words, it unreflectively operates within the confines of the classic life/nonlife division exposed by Povinelli. In that respect, astrobiology tends to be more radical than what you find in the literature on posthumanism: could it be that celestial bodies are also sensing bodies but that this remains invisible as long as you remain trapped in a dominant framework that divides the biological and the geological in a very peculiar way? Why not envisage stars and planets-just like brittlestars or cup corals-as "optical gropers," "tactful seers," or astronomical "fingeryeyes"?
49
One of the foremost characteristics of astrobiology is that its practitioners have a penchant for what one might call conceptual stretching. And this tendency becomes more manifest from a UV perspective. As ultraviolet shiners, biological organisms and planetary bodies are more Sun-like than they usually get credit for. As ultraviolet screeners, the plant canopy, our skin, and the lenses of our eyes are not that different from the ozone-layer up in the sky. In that specific sense, organisms are more atmosphere-like than usually realized. Moreover, it is not just that our skin is sky-like, the sky-as we have seen-can also be envisaged as skin-like. The etymological link between the two terms is maybe not a coincidence. The capacity to touch is also extended to our eyes (e.g., Turrell insisting that looking is always a haptic activity), to planets (e.g., Jupiter's "skin" marked by the UV "footprints" of its moons), and to the sun (e.g., solar
wind deforming planetary atmospheres and engendering aurora displays). In a similar vein, the concept of seeing is stretched: if such a thing as skin-vision exists, in principle everything with a skin can see. Chameleons can see into the UV spectrum with their eyes (as traditionally defined), but their outer body, in its entirety, can also be conceived of as an ultraviolet eye. Moons, planets, and the Sun can be (and have been) envisaged as eyes as well-when you watch them, they "look back," to use James Elkins's phrase.
Investigating the solar system-so it appears-is no longer the privilege of solar physics or planetary science; it can also be studied "dermatologically" and as an extension of ophthalmology. The reverse is also true. At the micro level, the study of biological organisms and some of their major organs can also be approached "astronomically"-that is why extremophile lichen are understood as miniature planets and light-emitting humans can be seen as little suns. Why this kind of conceptual stretching is so preva- ophthalmology have begun to spill over into each other. The anthropologist and astronomer Anthony Aveni has shown that ancient sky-watching peoples such as the Babylonians and the Maya did not compartmentalize their knowledge of the universe into discrete and independent fields of study. 50 They were "integrators" rather than "differentiators," as he put it. More recently Helmreich has characterized astrobiology as adisciplinary or undisciplinary rather than interdisciplinary; it is a breeding ground for what he calls "athwart theory," whereby meanings wander and words are unfastened "from etymology toward new rhetorical energies." 51 If it is true that modern science is a highly compartmental affair, this study has demonstrated that contemporary astrobiology goes against the current-it is very much an enterprise of integrators and a cradle of definitional instability.
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